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Scrolling color projection display using surface plasmotl tunable filters

Jet l’repulsion Laboratory, California institute of “J’echtlo]ogy
Pasadena, CA 91109

Surface plasmon tul]able filter (SI’”J’F) is a new technology tlllderclcvelo~)tllctlt  at Jet
Propulsion Lab. When applying to J ,CD projectom,  SPTF can simp]if)’  the system
structure, and ctlhance  the cfllcicncy. A scrolling S1’-l’l; which consists three SP”l’FS can
generate scrolling I-cd, green and blue colors, is able to enhance the e~lciency of a single
panel  I,CD projector up to the same Icvel  as a three pad 1.(;11 projector. A scrolling
S1’’l’l ; which consists six S1’”1’17s  and can gcnc[-ate  two set of scrolling RGB colors, will
enable a single panel 1.CII projector to be 1000/0 more cmcicncy  than tllc current thux
panel 1 .CD projector.
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l;~lcicncy,  brightness ad cost arc big concerns of projection clisplays.  Gcm2rally
speaking, a single panel proiect is chcapcr, but has low Cfliciency  and low l)l-i~llttlcss.

‘1’hc surl’acc plasmon has bccm studied since the 1960’s. It can be described as a
collective oscillation in clcctlon  density at the intci-face  ofa metal and a ciielcctt-ic.  At
sul-face plasmon  resonance, the rcflcctcci  light vanishes. ‘his resonance is referred to as
attenuated total reflection, ad is dcpcmicnt  upc)]l the dielectric constant of both the melal
and the dielectric. If an elcctro-optical  (1{0) matmial is used as the cliclcctric  and a voltage
is applied to change the sl]l-face plasmon resonance condition, the reflected light can be
modulatdl.  A surface plasm on laser light modulator with a cent rast rat io great cr than
100:1 has been reported2.

lf’we consicic[  the surface plasmotl light modulator in the frequency space, tllc
photons at surface plasmon resonance will bc absorbed ad the photons out ofthc
rcsonancc  will be totally reflected, lfa voltage is applied on the 110 tnatcrial,  the indm of
Ircf’tract  ion oft hc 1 iO material will change,  the sul-face plasm on resonance frequency will
change, therefore the reflection spectrum can k controlled by the applied voltage, and an
dcctronically tunable notch color filter is formcds l;xpcrimcnt  has shown when a 30-v
voltage  is applied oll a sllrfacc  p]as[lloll  tllr)a[)lc  Ilo[cll  color flltC1’,  tllC resonance fl”C[lllCllCj~

can be shifled from l-cd (640 nm) to blue (450 rim).

]n 1996, the S1’ tunable bandpass  filter using coupled S1’ ~vavcs was invented at
Jp[,’1’, ‘1’hc str”uc[ut”e  of this S]’ tullat>lc  ball(iixiss  filter is shotvll  ill l;ig. ]. A Symmdl”ic
gcomct ry of metal/I 10/metal is ctni)ioyui.  “1’~vo iligh  index  giass prisms arc used for tile
coupling. A thin metal film is cvaiml-a[ui on eaci~ pl-ism rcspcctivdy.  A tilin I;O material



layer is sandwicld  by the two prisms. ‘1’hc IiO layer is less than one wavelength thick
Wtm a S1) wave is cxcilcd on one side of n~ctal/130  material interface by the incicicnt

])1]01011s,  the Cllcrgy  of rcsollancc photm
Wil] bcconvcrtcd  into the motion Of fl”CC ! Wilitc lixlll
electrons of’the metal film. And the
optical ficlci will penetrate the thin 110
layer and excite another S1’ wave with
same frequency at the other 110/metal
interface because of the symmct ric ,:,,:,,
structute, The resonance photons then

!

,’ Prislll,JY ..ti~
..+J ..j$~will be rc- radiated out as tllc transmitted

liSl]t.  When a voltage is added on the 1{0
)\,,.<y

.,.::.

material, the index ofthc 110 material will MC(:II color
change, the S1’ resonance ftrcquency will
cllangc, and the transmission spectrum l;ig, 1 Structure ofsurfacc

will cl~angc plasmon  tunable filtc[  (S1’l’l;).

I’ig. 2 shows the thcol-ctical  calculation oftransmission spectrum fol- two silver
film separated by a 150 nm I;O material layer. Without voltage, the index change (in is
zero, ad ti]c peak transmission is at 450 nm (blue). When the voltage inciuccct  index
change  of the F,O layer has an increase of a tin=- 0.2, tile transmission peak shifts to 530 nm
(green), When the index change  of dn= 0,5, the peak transmissiot~  shifts to 650 nm (red)

“J’hc intensity ofpcaii
lmnsn~ission  dcpcn(is on the
optical  pl-opcrties  an(i tllc 80 ~———  —-–—---  ---—-
tilickness  ofthc metal. Metals
with small imaginal-y pal-l oft ilc
dielectric constant wiil have higllc[-
pcak trat]smission  and narrower
banciivi(ith. On tile other han(i, a
thinner metal layer \vill give
f,lcatcr peak transmission and.>
broader bandwi(ith.

‘J’hc shape of the
transmissim also (icpctlds on the
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coupling gcomctf-y of sul-face l’]~ 2 Translllissioll Spcclrulil  of S1)’l’!;.  \Vllcll tllc
plasmon  waves, if a f;vc layer 1X3 I)utlcrial  lws aIl inrlcx clulIlgc of O.5, IIlc

s~’stcm, which consists tllrcc l~~ctal (ra[is[iiissioll sltills froll) blue 10 red.

Iayci-s  at~d two 1{0 matcliai  iaycr is used, then there lvill be four surface plasmon  waves
couplcci  to each other, and the transmission spectrum wiii look more like a rectangular
shape with peak transmission over 70°/0.



Since surface plasmm is a surface efl’cct,  only a very thin liquid crystal layer is
responsible to surface plasmon excitation. It has been reported that the switching time of
surface plasmon  in liquid crystal is two ol-(tcrs of magnitude faster than the switching t imc
of bulk liquid crystal. l;or the surface plasmon tunable notch filter, a switching t imc of 0,2
m has been observed, l;or surface plasmm tunable banctpass  flltcr, the switching time
should be even faster because ofthc very thin liquid crystal layers.

IIeing a fast switching device, and able to generate field sequential reci,  g,rcctl  and
blue colors, surface plasmon  tunable filter can he used for both projection ad direct vimv
display dcvicesG’7’x. IJor a single panel projection display, the surface plamon tunable filter
can be used to replace the color wheel to generate the ficl(i sequential red, green and blue
colors to shine on either a liquid crystal display panel or a cligital  micro-mirror device to
generate a color image.

‘1’hc concept of’using
s[~’1’1:  to g,cl]cratc scrolling colorsL
for projection displays is shown in
l:ig. 3, the device consists three
S1}”l’l;s and two internal reflection
prisms. 1 ,ight  from each SI’’J’F
\\ill be projcctc(i  onto 1/3 section
ofthc 1.C;l) panel,  At the first
1/1 80 of second, the top S[’’l’l;
only allow the red color passfx
tllrou::h,  green  and blue colom al-c
rc.flcctcxi  by the top S1’’1’1;  an(i
miircctc(i by a prism 10 the
mi(i(ilc  S1’”J’F; tllc mi(t(ile  S1’’l’t;
only allows green color  to pass
thl-ough  awi rcflc.cts the blue
color;  tinally  the blue color is
rc!lcctc(i by anolhcr  pl-ism anti
pass ti]rough the thir(i  S1’’l’l: as
shown in l:ig. 3-a. Now tile top
1/3 ofthc 1,0) panel passes rc(i,
the mi(idle  1/3 of the 1 Xl) panel
passes greet] and the tmt tom 1/3
of the l,(l) panel passes blue.
“1’hcl) 01) the screen, the top 1/3 of

scrcetl  shows a red image, the
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F’ig, 3 Sul”racc plasalml tallablc t--lllcr  (sI’’l’t’) C:lll
gcacralc  scrdliag  colors  for projcctioa displays

I]li(i(ilc  1/3 of the scrccm sholvs a gl-ccn imaj:c  an(i the bottom 1/3 shows a blue inla~e.

At the second I/l 80 scc,on(i,  by applying voltage, the pass ban(i of the top Sl)’i’l;
shifts to blue, the pass band ofthc mi(i(ile  SI’’I’IJ shifts to rc(i, an(i tile pass band crfthc



bottom  SI’’I’I;  shifts togtecll;t  l]cllollt  llcscrccll, tllccolol-s  scrollccl(lo\\]l,  red Colol-goes
down to the middle, green color goes down to the bottom, and blt[c color  goes up to the
top; as shown in 3-b.

At the third 1/180 second, by applying voltage, the pass band of the top S1’-J’I~
shifts to green, the pass bad ofthc midclle  S1)”l’l; shifts 10 blue, and the pass band of the
bottom SI’’J’F shifts to red; then on the screen, the colors scrolled down again, blue color
goes down to the middle, reci color goes clown to the bottom, and green color goes up to
the top; as shown in 3-c.

lhring  each third pcl-iod,  which Ias[s 1/I 80 second, the voltage applied to each
S1)’J’IJ could be changed so as to chan~e  its pass wavelength bad to that of a difl’crent
pl-il]lary color, ‘J’hc temporal scqucncc ofvoltagcs  applied to the three S1’”l’l;s could be
chosen to make the colors on the corrcspomiing  three subciivisiom ofthc display area
scroll downward  or upward. ‘J’his scrolling SI)”I’F which consists three Sl)~’l;s  can generate
scrolling red, green and blLIc colors, is able to enhance the c~lcicncy  of a single panel  1 ,[;1)
projcclor up to the same level as a three panel 1,(;1) projector.

IIccause  SI)’I’ll’  only allo\v  onc color ofthc p-polarized light pass through and
Icflccts  all of the s-polarizcci  light. A second set of S1)’l”l:s,  which consists thlee Sl)”i’l~s
and is in a position perpendicular to the first set of S1)”l’l;s,  call  be used to modulate the s-
polarizcd light, ‘] ’hcrcforc, a scrolling S1’’l’!; which consists six S1’’l’l:s  and can generate
two set of scrolling RGI1 colors, will enable a single panel 1 ,[; [) projector to be 1 000/0
more cflicicncy  than the culrcnt  three panel  I ,C;I) projccto[-.
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